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1 
This invention relaes to navigation computers 
which are adapted to provide data in accordance 
with which a gyroscope controlled vessel is 
launched from one moving vessel in a manner to 
intercept the course of another moving vessel. 5 
For convenience of expression, the gyroscope 
controlled vessel is hereinafter sometimes called 
a guided vessel, the vessel from which it is 
launched is called a mother vessel and the vessel 
fo be contacted is called a target vessel. 10 
For the purpose of illustration, the invention 
is herein disclosed as applied to the problem of 
presetting the gyroscope in a torpedo or other 
guided vessel in such a way that it will hit a tar- 
get vessel. 15 
The improved naviiation computer by which 
this result is achieved is designed to cooperate 
with various parts of the mother vessel's equip- 
ment such as the.periscope, the radar, and the 
sonar, as well as the compass and the speed- 
ometer. It includes a position keeper, and a 
group of angle solvers. 
The position keeper provides data with respect 
fo the estimated position of the target vessel. 
The angle solvers continuously compute the 
proper angle of the torpedo gyroscopes on the 
basis of information obtained from the position 
keeper. 
The principal object of the invention is fo pro- 30 
vide an improved navigation computer and 
method of operation whereby a torpedo or guided 
vessel may be launched from a moving vessel in 
such a way as to bring it into contact with 
other moving vessel. Another object is fo pro- 35 
vide an improved computer which (1) responds 
to positional data taken af rimes separated by 
random intervals and (2) functions fo compute 
continuously the position of a target vessel dur- 
ing such random intervals. Another object is fo 40 
provide an iïnproved computer which functions 
in response fo a first set of positional data to 
Compute continuously the position of a target 
vessel and functions in response fo a subsequent 
set of positional data fo correct such computed 45 
position in accordance with such subsequent set 
of positional data. 
The invention will be better understood from 
the following description considered in connec- 
tion with the accompanying drawings and its 50 
scope is indicated by the appended claims. 
leferring fo the drawings: 
Fig. 1 is an explanatory diagram relating fo the 
operation of the position keeper, 
Fig. 2 is a wiring diagram of the position 55 

2 
keeper, some of the parts being showr as boxes 
bearing explanatory legends, 
Fig. 3 is an explanatory diagram relating to the 
process of correcting the computed position of 
the target vessel in response to an observed set of 
data, 
Fig. 4 is an explanatory diagram relating fo the 
operation of the angle solver, and 
Fig. 5 is a wiring diagram of the angle solver 
assembly by which the launching of the guided 
vessel is controlled. 
The position keeper is required because the 
mother vessel does not continuously observe the 
position of the target vessel. The observations 
are made at intervals chosen by the operator of 
the equipment of the mother vessel. Between 
any two such observations, the position keeper 
computes and indicates the range 1 and the 
relative bearing Br (see Fig. 1) of the target ves- 
20 sel. 1 is the distance from the mother vessel to 
t.he target, and Br the angle between the head- 
ing of the mother vessel and the line OErom the 
' . mother vessel to the target counted clockwise 
from the bow of the. mother vessel. More 
25 speciflcally, the location of the periscope, radar 
or sonar is assumed to represent the location of 
the mother vessel. The computation of 1 and 
Br is based upon known or estimated initial 
values of R and Br. The motion of the mother 
vessel may be irregular, but ifs speed and direc- 
tion are constantly known from the speedometer 
and compass. The target vessel is assumed fo 
move on a straight course at constant speed. 
The direction of this course and the absolute 
value of the target vessel's speed are estimated 
and used in the computation of 
During an observation, the position keeper 
allows a comparison between the actual values 
of R and Br, and the values computed on the 
basis of the estimated speed and direction of the 
target vessel. Any difference between the actual 
and estimated values ts used by the position 
keeper to correct the estimated values of target 
speed and direction. These corrected values cor- 
respond then to the average dtiring the period 
tween the last two observations, and the cor- 
rected values are used as the new estimates for 
the period untfl the next observation. 
In designing the position keeper, it is desir- 
able to resolve the various vectors with respect to 
reference axes which have some importance for 
the associated problems. The only reference axis 
which remains fixed between two observations 
and at the same rime has some importance for 
the associate¢l problems is the heading of the 
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target vessel which is assumed to more between 
observations on a straight course at constant 
speed. 
The vectors of Fig. 1 are resolved with respec 
to the heading of the target vessel. Thus the 
assumed heading is called the z-axis, and the di- 
rection 90 ° counterclockwise from the z-axis is 
the y-axis. In Fig. 1, the range R appears re- 
solved into the components Rx and R» Due to 
the motion of the mother vessel (generally along 
a curved path) the Rx component changes dur- 
ing the time element  by 
cliRz=--Socl cos Cr (1) 
whereas Ry changes by 
gR=--Sol sin Cr (2) 
where S0 is the instantaneous speed of the mother 
vessel and C ts the instantaneous relative course 
(the angle between the tangent to the mother 
vessel's course and the heading of the target as 
measured clockwise ïrom the bow oï the mother 
vesseD. The minus sign in Equation 2 results 
from the fact that the rotation from the z-axis to 
the y-axis is taken as counterclockwise while 
is taken as clockwise. 
The position keeper of Fig. 2 includes a po- 
tentiometer I{} which bas ifs slider I I moved by 
a servomotor SMI. This servomotor is controlled 
from the mother vessel's speedometer by means 
of a synchro SYI and an amplifier Ail so that 
the voltage between its output leads is main- 
tained af a value proportional to S0. The volt- 
age S0, which is proportional to the speed of 
the mother vessel, is applied to the stator wind- 
ing 12 of an angle resolver 1%1 which bas its 
rotor windings 13 and 14 positioned in accord- 
ance with the relative course Ct. For simplicity, 
here and in the following, isolating ampliflers 
are hOt shown in the drawing and hOt specifl- 
cally mentioned. Such amplifiers may be used 
in order fo feed a reatively low impedance ruera- 
ber wit/aout loading the member which supplies 
the voltage. The angle resolver 1%1 thus yields 
voltages which are in acordance with Equations 
1 and 2 proportional to glR/g, and 
proper polarity of the output wires being as- 
sumed. 
The voltage g//g$ is applied to a speed servo 
SPI which positions the slider I of a poten- 
tiometer P,. Assuming the slider  to be orig- 
inally positioned at the right point, the voltage 
between the leads I and I will be kept con- 
tinuously proportional to 1%» 
From Fig. 1 it maY be seen that 1%x is hOt only 
subject to the change gx due to motion of the 
mother vessel, but also to the change 
due fo the motion of the target vessel. The x- 
axls of the coordinate system being parallel fo 
the estimated heading oï the target vessel, there 
is no comportent oï the motion oï the target 
vessel in the direction of the y-axis. 
In order fo take care of the change described by 
Equation 3, a voltage proportional to S is ob- 
tatned from a potentiometer 18 which bas ifs 
slider I fl positioned manually until the attached 
scale (hot shown) shows the estimated value 
S of the speed of the target vessel. 
This S voltage is connected in series with the 
winding 13 of the angle resolver 1%1 so that there 
ts avaflable between the leads 2{} and 21 a volt- 
age 

4 
This voltage controls a speed servo SP2 which 
positions the slider 2 on a potentiometer pe. 
With the slider 2 started af the correct posi- 
tion, the voltage on p« will be continuously pro- 
5 portional to Rx. 
The voltages Rx and R are applied fo the sta- 
tor windings 23 and 24 of an angle resolver 
which includes the rotor coils 2 and 2. The 
voltage of the rotor coil 2 is fed into an ampli- 
10 fier Ai2 which controls a servomotor SM2 in 
such a way that the amplifier input tends to go 
fo zero. When this is accomplished, a voltage 
proportional fo R is available ai the output leads 
2 and 28 of the coil 2 and the rotor of the 
15 angle solver 1% is positioned according to the 
"angle on the bow" A (Fig. 1) which is the angle 
between the vector from the mother vessel to 
the target and the x-axis of the coordinate sys- 
tem. 
20 Ai the beginning of the operation, an estimated 
value of A is set up on a dial 29 by means of 
a knob K. An estimated value of Br is set up 
on a dial 3 by means of a knob K. The course 
C0 of the mother vessel is obtained from the 
25 compass through a synchro SY2, an amplifier 
A/3 and a servomotor SM3. C0 is combined with 
B in a differential D, to yield the true bearing 
B according fo the equation 
Co+B=B (5) 
A differential D combines B and A fo yield the 
true target course C according to the equation 
C÷A--B=ISO ° (6) 
Since 
S Co+Cr=C (7) 
Cr is readily obtained through a differential 
for positioning the rotor of the angle resolver 
1%1 as previously indicated. 
40 During operation, the values of C0 and A are 
continuously kept up to date by the compass and 
the servomotor SiYI2. C is assumed to be constant 
between observations, and the C shaft is locked by 
means of a brake 3 I. The motion of the A shaft 
4 is thus transrnitted fo the B and Br shafts, t/3e 
latter also being influenced by the compass and 
Br is kept up fo date. The compass also func- 
tions throughthe differential Dt fo keep Cr 
to date. 
$0 The process of correcting the estimated values 
of target vessel speed and angle on the bow A 
during an observation is based on the conditions 
depicted by Fig. 3 wherein the data correspond- 
ing to the estimated motion of the target vessel 
$$ is shown by full lines and the data corresponding 
to the actual motion of the target vessel is shown 
by dotted lines. During the first observation, 
the mother vessel was ai E and the target vessel 
ai G. Between the first and next observation, 
) the mother vessel moved along a curved path fo 
1 . Based on the estimated data, the position 
keeper computed that the target vessel should 
be at H when the second observation is started. 
The position keeper thus set up the estimated 
 range components 1%x and 1% on the potentiom- 
eters PI and P2. The "estimated" values of range 
and relative target bearing are 1% and Br. The 
actual values are 1%' and Br' and the target res- 
sel is actually ai I-I'. 
0 The process of correcting the estimated values 
involves two steps. 
Step No. 1 
The flrst step consists in (1) applying the oh- 

$ served 1% voltage through the leads 21 and 28 fo 
(4) the rotor coil 2 of the angle resolver R2 and (2) 
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connecting the input of the amplifier Al2 
through a switch 32 to the rotor winding 33 of a 
synchro SY3. The switch portions correspond- 
ing to this stop are indicated by dotted lines, 
those corresponding to the next stop by dot- 
dashed lines, and those corresponding to the in- 
terval between two observations by full lines. 
This applies to all switches. This causes rotation 
of the servomotor SlYI2 which rotation is trans- 
mitted through the A, B and Br shafts to the 
rotor of the synchro SY3. This synchro is con- 
nectid fo periscope, radar or sonar and will bal- 
ance in position corresponding to the observed 
value of the relative bearing Br. The C shaft is 
still locked by the brake 3 | and the C0 shaft can- 
not be turned from the end looking into the dif- 
ferential D3 because the gear train on SlYI3 is 
practically self-locking. Eventually the rotor of 
SY3 will come to a balance in a position corre- 
sponding to Br'. 
This operation involves rotation of both the Br 
and A shafts through the angle ABr. The angle 
between the rotor and stator of the angle re- 
solver R2 is now A' (the angle between the ob- 
served range vector and the estimated heading of 
the target vessel). Thus, the .voltages of the 
stator coils 23 and 24 of the angle resolver 
correspond to the components Rx' and Ry' of the 
observed range vector, resolved with respect to 
the old coordinate system, the x-axis of which is 
the estimated target heading. 
With switches 34 and 3§ in thé dotted position, 
voltages are generated between the ends of the 
stator coils 24 and 23 and the potentiometers 
and P, respectively. These voltages correspond 
to the difference between the observed and esti- 
mated values of the range components, and are 
thus proportional to the components Rx and 
Ry of the error vector HH', all taken with re- 
spect fo the old coordinate system with the x- 
axis in the direction of the estimated heading 
of the target vessel. 
The vector GH' is now the actual speed vector 
multiplied by the rime  betwecn the first and 
second observation. If can be found by adding 
the vector HH' to the vector GH. The vector GH 
is the estimated speed multiplied by . 
Instead of finding GH', however, everything is 
divided by  and the actual speed vector is found 
by subtracting HH'/ from the estimated speed 
vector. The components Rx and ARc of 
are divided by  by the dividers Div. 1 and Div. 
2. These dividers may be any well known type 
of voltage divider such as the one described in 
the patent to V. NI. Cousins, No. 2,471,262. 
The «-component of the estimated speed 
vector is S itself. To it, the value of Rm/ is 
added. The resultant x-comportent of the act- 
ual target speed vector is fed into the rotor wind- 
ing 36 of an angle resolver R3. The estimated 
target speed vector bas no Y-comportent, and 
the Y-comportent of the actual speed vector of 
the target vessel is thus directly equal fo R/. 
This R/ voltage is fed into the rotor winding 
3 of the angle resolver 
An amplifier A is connected across the stator 
coil 3 of an angle resolver R3. This amplifier 
applies ifs output potential to a servomotor SM§ 
which rotates the rotor of the angle resolver 
until the amplifier input from the stator wind- 
ing 3 is zero. When this happons, the angle « is 
set up betwecn the rotor and stator of R3. This 
angle « is the angle between the estimated and 
the actual heading of the target vessel. 
The output of the other stator coil 39 is equal 

75 the 
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to the actual absolute value of the speed of the 
target vessel. With switch 40 in the dotted posi- 
tion, a servomotor SlYI4 controlled by an ampli 
fier Al4 drives the slider |9 of the potentiometer 
5 | until S is equal to the actual absolute value 
of the speed of the target vessel. 
tep No. 2 
The second step of correcting the estimated 
10 
values of target vessel speed S and "angle on the 
bow" A during an observation consists of two 
simultaneous operations. The flrst of these oper- 
ations involves transition from the old coordinate 
15 system with the x-axis parallel fo the estimated 
heading of the target vessel to the new coordi- 
nate system with the x-axis parallel to the ac- 
tual heading of the target vessel. The second of 
these operations involves producing across the 
potentiometers P and P voltages proportional fo 
20 Rx'" and R'" which are based on the new co- 
ordinate system. 
The first of these operations consists in apply- 
ing a voltage to the rotor coil 35 of the angle re- 
25 solver R3. The other rotor cofl 3 does hot ob- 
tain any voltage and the amplifier A4 is discon- 
nected from its stator coil 39 by means of a 
switch 4. The amplifier A2 is connected fo the 
statorcoil 35 through switches located at the op- 
30 posite ends of the leads 4| and 42 and a clutch 
C is engaged to couple the shafts 43 and 44 to- 
gether mechanically. Under these conditions, 
the servomotor SlYI2 drives the stator of the angle 
resolver R3 until it is ]ined up with the rotor. 
35 Thus the stator is turned by the angle «. The 
same rotation is applied to the A shaft which 
transforms the angle A' previously set up on this 
shaft into A" which is the angle between the 
actual heading of the target vessel and the actual 
40 line of sight. The brake 3| on the C shaft is 
now released so that this shaft turns easier than 
the B and Br shafts. The angle « is thon used to 
correct the C and Cr values. 
With the angle A" between the actual heading 
of the target vessel and the actual ]ine of sight 
45 set up on the rotor of the angle resolver R2, the 
actual value of R is resolved into its R" and 
R" components with respect to the new coordi- 
nate system which has its x-axis in the direction 
of the actual target heading. The second opera- 
50 tion of "Step No. 2" consisks in setting up Rx" 
and R" on the potentiometers P and P. This 
is accomplished by (1) feeding the resultant 
voltage difference of the stator winding 24 and 
the potentiometer P through a lead 45 to the 
55 speed servo SP| and (2) feeding the resultant 
voltage difference of the stator winding 23 and 
the potentiometer P through a lead 46 to the 
speed servo SP2. These speed servos run until 
these resultant voltages are zero. This second 
60 operation of "Stop No. 2" can be carried out 
simultaneously with the rotation of the A shaft 
through the angle «. Thus the sliders |§ and 22 
will approach their correction positions while the 
rotor of the angle resolver R assumes the cor- 
65 rect orientation. 
After "Stop No. 2" is completed, the position 
keeper continuously computes the position of the 
target vessel until the next observation. 
70 The angle .»olver 
This part of the navigation computer solves a 
geometrical problem illustrated in Fig. 4. This 
figure refers fo the bow tube from which some of 
gyro controlled or guided vessels are 
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launched. The stern tube is treated in an anal- 
ogous way. 
The torpedo or guided vessel leaves the bow 
tube which Is displaced from the periscope, radar 
or sonar by the tube base line P in the direction 
of the heading of the mother vessel. If then 
travels in the direction of the course of the 
mother vessel for a distance M, called the reach. 
Then it goes on a circular arc with the radius Z. 
After turning by the gyro angle G, the guided 
vesel fo]lows a straight path. (The angle G is 
the .item to be computed.) The guided vessel 
contacts the target vessel af a point Q. V is the 
position of the target vessel at the instant when 
the guided vessel is launched or released. Q is 
displaced with respect to V in the direction of 
the heading of the targeL vessel by an amount 
St where ¢ is the time required for the guided 
vessel to travel from the tube to the point of con- 
tact. This rime is equal to the distance traveled 
by the guided vessel, plus a distance Uy which 
corresponds fo the time requireç to accelerate the 
guided, vessel to running speed, divided by the 
speed of the guided vessel. 
Fig. 5 shows the connections of the computer 
element by which the problem is solved. Volt- 
ages Rx and Ry are applied from the potentiom- 
eters P1 and P2 of the position keeper (Fig. 2). 
To the voltage Rx is added algebraically a voltage 
St which is obtained in a manner hereinafter de- 
scribed. This gives the components, with respect 
fo the heading of the target vessel, of the vector 
from the periscope to the point of contact Q. 
The components of the vector from the peri- 
scope, radar or sonar fo the center W of the cir- 
cular arc, with respect to the heading of the 
mother vessel, are P÷/g and Z. P÷/g is fed to 
the rotor winding 5 of an angle resolver R4 
from the potentlometers 47 and 48 and Z is fed 
to the rotor winding 52 from an external source. 
An angle equal to the relative course Cr is set up 
between the rotor and stator of the angle resolver 
R4. This angle is obtained from the correspond- 
ing shaft of the position keeper (Fig. 2). The 
voltages on the stator windings 53 and 54 of the 
angle resolver R4 are thus the components of the 
vector periscope-W, with respect to the heading 
of the target vessel. These components are sub- 
tracted from the above named components of the 
vector periscope-Q. This yields the components 
of the vector WQ, taken with respect to the 
heaoEng of the target vessel. 
These components are applied to the stator 
windings 55 and 56 of an angle resolver RS. If 
the angle between the stator and rotor of the 
angle resolver R5 is made equal to Cr÷G, then 
the voltages set up on its rotor coils 57 and 58 
are Z and the length of the final straight path 
of the guided vessel. Thns the output of the 
rotor coil 58 is bucked against a voltage Z. The 
resultant voltage difference functions through an 
amplifier Af5 to control a servomotor SM5 which 
drives the rotor of the angle resolver R5 until 
this difference is zero and the angle Cr÷G, is 
set up on the shaft 59. A differential D4 having 
its shaft 60 positioned from the position keeper 
in accordance with Cr then positions its shaft 61 
in accordance with the gyro angle G. 
If remains to show how the previously men- 
tioned voltage S is obtained. The total length 
of the path followed by the guided vessel consists 
of 1, the arc 
180 
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and the final straighL path aL the end of which 
iL contacts the targeL vessel. To this is fo be 
added the U voltage which corresponds fo the 
rime required fo accelerate the guided vessel fo 
5 its running speed. Voltages corresponding to 1V 
and U are obtained from the potentiometers 48 
and 49. The arc length is obtained from the 
potentiometer 50, the total voltage of which is Z 
and the slider 62 of which is positioned accord- 
10 ing to G by a shaft 63.  The length of the faual 
straighL lath is obtained from the rotor winding 
57 of the angle resolver 
The voltage thus obtained is fed to a divider 
Div. 3 through leads 64 and 65, where if is di- 
I; vided by Sz which is the speed of the guided ves- 
sel. Divider Div. 3 may be the same type of di- 
vider as Div. 1 and Div. 2. The output of the 
divider Div. 3 is proportional to ¢ and is applied 
to a potentiometer 66 which has a slider 57 posi- 
20 tioned according to S so that the voltage St is 
made available at the leads 68 and 69. This volt- 
age is utilized as previously indicated. 
Thus, the invention provides an improved 
navigation computer and method of operation 
2 whereby the positional data of a moving target 
vessel is continuously estimatod on the basis of 
a previous observation, is automatically corrected 
in accordance with data derived from a subse- 
30 quent observation, and is utilized to launch a 
guided vessel on a course adapted fo bring it into 
contact with the target vessel. 
I claim as my invention: 
1. In a computer for controlling the launch- 
ing of a vessel to be guided from a mother vessel 
3 to a target vessel, means fo establish first volt- 
ages which are values of the c and  components 
of an estimatod initial range of the target ves- 
sel as resolved on a system of coordinates hav- 
ing ifs c axis along the estimated course of said 
40 target vessel and its  axis at right angles there- 
fo, the combination of means controlled in ac- 
cordance with the speeds of said target and 
mother vessel and with the relative course of 
said mother vessel to vary said first named means 
45 responsive thereto for producing voltages propor- 
tional to the c and  components of said target 
vessel's range subsequent to the time of estab- 
lishment of said estimated initial range com- 
ponent voltages as resolved on said systom 
50 coordinates, and means responsive fo said c and 
 component voltages for continuously estimat- 
ing the value of said range and the value of 
the angle between said range and said c-axis. 
.. In a computer for controlling the launch- 
55 ing of a vessel to be guided from a mother res- 
sel to a target vessel, means fo establish first 
voltages which are values of the c and  com- 
ponents of an estimated initial range of the tar- 
get vessel as resolved on a system of coordinates 
60 having its c axis along the estimated course of 
said target vessel and ifs  axis at right angles 
thereto, the combination of means controlled 
in accordance with the speeds of said target and 
65 mother vessel and with the relative course of 
said mother vessel to vary said first named means 
responsive thereto for producing voltages pro- 
portional to the c and  components of said tar- 
get vessel's range subsequent to the rime of es- 
70 tablishment of said estimated initial range com- 
ponent voltages s resolved on said system of 
coordinates, and means responsive to said c and 
 component voltages for continuously estimat- 
ing the value of said range in terms of voltage 
75 and the value of the angle between said range 
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and said x-axis in terms of an angular displace- 
ment. 
3. In a computer for controlling the gyro angle 
of a gyroscope by which a vessel is to be guided 
from a mother vessel to a target vessel, means 
to establish first voltages which are values of the 
x and y components of the estimated initial range 
of the target vessel as resolved on a system Of 
coordinates having its x axis along the estimated 
course of said target vessel and its y axis at right 
angles thereto, a blockable shaft means con- 
trolled in accordance with shaft positions repre- 
sentative of the course and bearing of the mother 
vessel and a bow angle between the range vect0r 
and said x axis to establish a shaft psition at 
an angle representative of the instantaneous rela- 
tive course, means controlled in accordance with 
the speeds of said target and said mother vessel 
and with said instantaneous relative course block- 
able shaft position to vary said first voltage es- 
tablishing means to provide second voltages 
portional to the x and y components of said tar- 
get vessel range as resolved on said coordinate 
system for the given bow and bearing angles 
subsequent to the time of establishment of said 
initial range component voltages, means to cor- 
rect for changes in said mother vessel bearing and 
in said bow angle between said range vector hd 
x axis while maintaining blocked said blockable 
means to establish said shaît position at an angle 
representative of said instantaneous relative 
course, means to establish a voltage proportio.al 
to the true range of said target vessel, means te4 
sponsive to said bow angle shaft position to re- 
solve said true range voltage into right angle 
voltage vector components, means to subtract 
said true range vector component voltages from 
said second voltages to provide voltages Ax and 
Al/ representative of the erro_r vectors in said 
and y components, means to convert these error 
vector representative voltages into speed vector 
representative voltages 

10 
means to add said speed representative voltage 
5 to a voltage representative of the targeç vessel 
speed to obtain a resultant target speed vector 
voltage, means to position a shaft at a correc- 
tion angle  responsive to a vectorial combina- 
tion of said speed representative voltage 
I0 
and said resultant target speed vector voltage, 
means to correct the input target speed to said 
15 computer in accordance with said vectorial com- 
bination, means to add to said bow angle shaft 
position an angle equal to said shaft correction 
angle « while unblocking said means establish- 
ing said relative course angle shaft position to 
20 permit correction thereof, and means to control 
said flrst voltage establishing means responsive 
to said means esponsive to said bow angle shaft 
position to resolve said truc range voltages into 
right angle voltage components to establish volt- 
25 ages representative of the x and y components of 
said target range on a system of coordinates hav- 
ing its x axis parallel to the actual heading of 
the target vessel af the time of said last true 
target range observation. 
30 WILLIAM K. ERGEN. 
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